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(71) We, VSESOJUZNY NAUCHNO- 
ISSLEDOVATELSKY I PROEKTNY 
INSTITUT TUGOPLAVKIKH METAL- 
LOV I TVERDYKH SFLAVOV, a State 

5 Enterprise organised and existing under the 
laws of U.S.SJL, of 5C Shosse Vavshavskoe, 
Moscow, U.S.S.R, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 

10 which it is to be performed, to be particu- 
larly described in and by the following state- 
ment:—- 

The present invention relates to the pro- 
duction of diamonds and more particularly 
15 to methods for producing noncrystalline 
diamonds. 

Lately a technique for producing diamonds 
in general and noncrystalline diamonds in 
particular has been developed in the Soviet 
20 Union and in other countries. 

This method of producing pofycrystalline 
HinmrmHs involves exposing rifatnrmH pow- 
ders to the effect of a static pressure and 
high temperatures with or without the use 
25 of different additives. 

In this case the pressure did not exceed 
110 fcbar and a temperature of up to 2000°C 
was used. 

As the additives, use was made of such 

30 substances as boron, silicon and beryllium 
which acted as catalysts contributing to better 
sintering of diamond particles in a polycrystal* 
line monolKyh T 
The main disadvantage of polycrystalline 

35 diamonds produced by conventional methods 
lies in their non-uniform properties attribut- 
able apparently to the presence of interlayers 
of graphite and ywetnltir catalysts in the struc- 
ture of polycrystals. 

40 The main object of the invention is the 
provision of a method ensuring optimum 
conditions for processing diamond powders. 

According to the present invention there 
is provided a method for producing jpoly- 

45 crystalline diamonds comprising subjecting a 
diamond powder located within a high-presr- 
sure chamber to the effect of a static pres- 
sure at which transformation of graphite into 
diamond occurs, and a temperature of 2700 — 



3700°C raid diamond powder being in con- 
tact with an fllfcalfne earth metal compound. 

The most preferred practice is to main- 
tain a ternperature within the pressure 
chamber at from 3100 to 3700°C In prac- 
tice it is convenient to maintain a pressure 
of 120 — 170 fcbar in the pressure chamber. 

The alkaline earth metal compound which 
is introduced into the diamond powders 
enhances the wear resistance of the poly- 
crystalline diamond. 

The alkaline earth metal compound may 
be fluorspar, limestone, chalk or talc individu- 
ally or in admixture. It is preferred that the 
alkaline earth metal compound be intro- 
duced when charging the diamond powders 
into the pressure chamber in the form of 
layers on top of and beneath the layer of 
the diamond powder. 

In order to produce material suitable for 
boring tools featuring higher performance 
characteristics, it is expedient that a mixture 
of two diamond powders be used with grains 
of one grade amounting to 0.1 to 2.0 micron 
in size and of the other one to 5 to 60 
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In practice the weight of the diamond 
powder of larger grain size amounts to 20 
to 80% of the total weight of the diamond 
powders. 

It is most preferred that the diamond 80 
powder with the larger grain size be equal 
to 50% of the total weight of both grades. 

As a result, the polycrystalline diamond 
which is obtained which is composed of two 
kinds of polycrystals, one with structural 85 
grains of from 0.1 to 2.0 micron size and 
one of 5 — 60 microns size. 

Prior to mixing the two sizes of Hfamnnri 
powders it is preferable that the diamond 
powder with a smaller grain size be sub- 90 
jected to agg r egation to form a granular 

This results in the production of a diamond 
with polycrystals featuring smaller structural 
grains dispersed in the body of a polycrystal 95 
with larger structural grains. 

Characteristic of such material is an 
enhanced abrasion resistance; it is also not 
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For a better understanding of the raven- 50:50. mmme is 

^P"*** ^hod.env^agesthe above, in the pro&x of 

posed of two grades of intergrowing poly- 
crjstals having accordingly structural grains 
of different size. 

Such diamonds have higji strength and 
abrasive resistance and are intended for use 
to js? 0 ^ demcnts m and grinding 

If the powder with grains of smaller size 
is aggregated to form granules prior to mix- 
m 5> the diamond resulting from the powders 
processed by the above method is a substance 
m which the polycrystals with structural 
grains of smaller see are dispersed in the 
body of the porycrystal with structural grains 
of larger size. 

The above diamonds are designed for use 
m grinding and boring tools. 

With the above method the powders may 
be aggregated into granules by the conven- 
tional tedbnique. If an adhesive binding agent 
is used, to form the granules it should be 
removed by calcination prior to the exposure 
of the powders to high pressures and tem- 
peratures to form the polycrystallme diamond. 

When producing diamonds by the method 
of the invention, it is expedient that the 
alkaline earth metal compound, such as fluor- 
spar, limestone, chalk, talc, be used either 
mdividually or in any desired combination. 
The above compounds are introduced when 
the diamond powder is charged into a mould, 
particularly when placing it in the graphite 
heater. They are preferably arranged in 
layers beneath and on top of the layer of 
diamond powder or the mixture of diamond 
powders. Although the amount of the com- 
punds is substantial, they are consumed 
m only negligible amounts, most being later 
recoverable. The alkaline earth metal com- 
pound ensures the production of polycrystal- 
lme diamonds with uniform mechanical pro- 
perties. 

Given below are illustrative examples of 
the diamonds and accordingly the specific 
features of the production processes. 

Example 1 

A mlycrystalhne diamond comprising 70°'. 
by wt. of diamond crystals with grains 14 
rmcrons in size and 30% by wt of crystals 
with grains of 1 micron in size 

The diamond was produced from a mix- 
ture of diamond powders composed of 70% 
by weight of the particles ranging in size 
from 10 to 14 microns and 30% by weight of 
diamond particles, 1—2 microns in size. 



protection of polycrystallme diamonds from 
diamond powders of either a uniform grain 
sraepr a mixture of different grain sizes? 
«JSS *? °? Powder particles is not 
ar mt ed , though on certain occasions with a 
view to obtaining diamonds with specific 
15 ^aractensucs it is expedient to use powders 
ynth particles of certain predetermined size. 
Such occasions will be considered in details 
nerernbelow. 

Use can be made of the powders of both 
nwural and artificial diamonds. It is desir- 
able that the powders be subjected to pre- 
^mmary calcination at a temperature of 500— 
600 C m an oxidizing atmosphere for 10— 
43 mm. (the duration of the above opera- 
tion being dependent on the amount cf the 
initial powder, which removes adsorbed gases 
a8 * cn as organic admixtures from the 
powders. The calcined diamond powders are 
then charged into a graphite heater and com- 
pacted. The graphite heater (which is not 
described here m detail since it is well 
^ w °) m placed into a high-pressure 
cumber. The latter is also commonly known 

SLf^S* Z?* 1 ** 2>122,772). In the 
above chamber the diamond powder is 
exposed to the effect of a static pressure rang- 
ing from 120 to 170 kbar which in practice 
corresponds to that at which transformation 
or graphite mto diamond takes place. The 
this case is maintained within 
3 22? C 1)100688 P 10 "*^ most 

iJ? * *e above treatment which 

lasts 0.7—2.0 sec the diamond powder is 
cwrve^ rmo a compact prycrystalline 
almond similar in shape to the interior of 
the graphite heater. 

The diamonds obtained are dark grey with 
a metallic luster and weigh up to 0 J carats. 
. A speofic gravity of such diamonds is 
oA to 35 g/cnr, uniaxial compression 

^^r? 120 h /mmT ' diamonds have 
success^y passed tests in dmwing wire pro- 
S2 5" metakatd cop?£ 

mctel alloys and m boring hard and abrasive 

To obtain diamonds with higher strength, 
a mixture of diamond powders should be 
used with pin size of from 0 .1 to 2.0 micron 
and from 5 to 60 microns. 
lJk this case the diamond powder with 
larger grains should amount to 20—80% of 
the total weight of the diamond powders. 
Most favourable strength characteristics are 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



120 



125 



3 



1,45<W1 



3 



The diamond powder was charged in a 
mould in layers with powdered limestone 
placed on top and beneath the diamond layer 
and with the amount of limestone being equal 
5 to 1/10 of die weight of the Hiamr^d powder. 

The mixture was processed at a pressure 
of 160kbar and a temperature of about 
3500°C for 0.8 sec. 

Diamond characteristics: 

10 Colour in cleavage plane — light-grey 
Specific gravity —3.42 g/cnf 

Average breaking load per grain 630 microns 
in size amounted to 19.2 kgf. The diamond 
is not electrically conducting. 

15 ^ Example 2 

A polycrystalline diamond comprising 50% 
by wt. ^ of crystals with grains 0.1—1 
micron, in size and 50% by wt. of crystals 
with grains ranging in size from 5 to 7 

20 microns 

For obtaining the above polycrystalline 
diamond a mixture of Hfamnnd powders was 
taken composed of 50% by wt of a diamond 
with crystals 0.1 — 1 micron in size and of 
25 50% by wt. of diamonds with crystals 5 — 7 
microns in size. 

The mixture was processed at a pressure 
of 170 kbar and a temperature of 3400°C 
for 1.6 sec 

30 On top of and beneath the diamond powder 
a batch of talc was placed amounting to 1/10 
of the weight of the diamond powder. 
Diamond characteristics: 

Colour in cleavage plane — light-grey 
35 Specific gravity —3.40 g/cnr 

Average breaking load per 
grain 630 microns in size —21 kgf. 

The diamond is not electrically conducting. 
It is expedient that such polycrystals be 
40 used for tools requiring enhanced strength, 
such as burnishers. 

Example 3 

A polycrystalline diamond comprising 50% 
of polycrystals with structural grains 0.1 — 
45 1 micron in size and 50% of diamond 
grains ranging in size from 10 to 14 
microns 

Fox obtaining the above polycrystalline 
diamond a mixture of Hiamnn^ powders was 
50 taken comprising 50% by weight of granules 
03 — 0.4 mm. in size produced by aggrega- 
tion of diamond powder with grains 0.1— 



1 micron in size, and 50% by weight of 
diamond grains 10—14 microns in see. 

On top and beneath the diamond powder 55 
a batch of chalk was placed amounting to 
1/10 of the weight of diamond powder. 

Processing was effected at a pressure of 
160 kbar and a temperature of 3600°C for 
1-8 sec 50 

Diamond characteristics: 

Colour in cleavage plane — light-grey 
Specific gravity —3.47 g/cm 3 

Average breaking load per grain 630 microns 

in size amounted to 17 J kgf. 65 

The diamond is not electrically conducting. 

It is e x ped ient that die diamnn^q be used 
in grinding and boring tools since they are 
not liable to be glazed in service. 



WHAT WE CLAIM IS:— 70 

1. A method for producing polycrystalline 
diamonds comprising subjecting a diamond 
powder located within a high-pressure 
chamber to the effect of a static pressure at 
which transformation of graphite into 75 
d iamond occurs, and at a temrjerature of 
2700— 3700 o Q said diamond powder beins 

in contact with an alkaline earth metal com- 
pound. 

2. A method as claimed in Claim 1, where- 80 
in a temperature of 3100— 3700°C is main- 
tained. 

3. A method as claimed in Cairn 1, where- 
in a pressure in the range of from 120 to 
170 kbar is maintained within the pressure 85 
chamber. 

4. A method as claimed in Claim 1 or 2 
or 3, wherein the alkaline earth metal is 
fluorspar, limestone, chalk or talc or ad- 
mixtures thereof. oq 

5. A method as rfahnrfl in any p receding 
Claim, wherein the alkaline earth metal com- 
pound forms a layer in contact with a layer 
of the diamond powder, a layer of said com- 
pound being present both above and beneath 95 
the layer of the diamond powder. 

6. A method as rimmed in any preceding 
Claim, wherein the diamond powder is a 
mixture of two diamond powders of dif- 
ferent grain see, a first powder having a 100 
grain size of from 0.1 to 2.0 microns and a 
second of from 5 to 60 microns. 

7. A method as claimed in Claim 6, where- 
in the said second Hinmmyf powder provides 
from 20 to 80% of the total weight of the 105 
powders. 

8. A method as claimed in Claim 7, where- 
in the said second diamond powder provides 
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ci the total weight of die diamond 



9. A method as claimed in Claim 6 or 7 
or 8, wherein prior to mixing the said first 
and second diamond powders the said first 
diamond powder is formed into 



10. A method of producing potycrystaHine 
d iam o nd s substantially as hereinbefore des- 

10 cdbed in the Exemplary emhnritmpi^. 

11. A polycrystalline H«rmnn^ whenever 
produced by the method claimed in any one 
of Oaims 1 to 10. 
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